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Abstract 
While piezoresistive sensing has been increasingly recognized as affording substantially higher electromechanical 
conversion over capacitive sensing, hot carriers injected into the device could potentially introduce noise and 
instabilities in frequency.  In this paper, it is found that the frequency drifts tracked over time in a dog-bone resonator 
employing piezoresistive sensing are most likely due to ambient temperature cycles.  Drifts due to carrier injection 
were unobservable in comparison at least at moderate current level (0.82mA, corresponding to 97.5μW of power).  
These observations were obtained by tracking both the resonant frequency and ambient temperature simultaneously 
and correlating these trends to the measured temperature coefficient of frequency (TCF) of the device (-13ppm/K). 
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1. Introduction  
Nano & micro mechanical resonators have been extensively investigated for mass sensing applications 
[1], which afford high mass sensitivity due to their small form factors.  However, the commonly used 
capacitive sensing resonators have a drawback in that as form factors are drastically scaled to increase 
sensitivity, severe reduction in transduction leads to large motional impedances [2].  Using a dog-bone 
resonator with piezoresistive sensing, we recently demonstrated an enhancement in transduction by over 
500 times compared to capacitive sensing [3].  Given its compact design, this resonator provides both 
superior transduction and high mass sensitivity.  Nonetheless, the frequency stability of the device 
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remains more elusive compared to employing purely capacitive sensing due to joule heating in the device 
associated with the drain current required in piezoresistive sensing.  This paper examines the frequency 
stability of the dog-bone resonator based via experimental observations. 
2. Design and Simulation  
The mode shape of the dog-bone resonator is illustrated by the finite element simulation (COMSOL) 
shown in Fig. 1(a).  The simulated eigenfrequency is 7.650MHz.  Fig. 1(a) also presents the dimensions 
and the direction of the current flow.  The device is anchored at the center of the beams which are driven 
longitudinally through an electrostatic force to excite the length-extensional mode.  Due to the elongation 
and contraction of the center beams, the resistance of the dog-bone resonator varies accordingly because 
of the piezoresistive effect.  Then, the readout voltage is obtained across the two anchors when the drain 
current flows from one anchor to the other.  Joule heating occurs as current flows through the resonator, 
thus raising the temperature of the device.  As such, assessing the impact of the drain current have on the 
stability of the resonant frequency is of interest. 
   
         (a)       (b) 
Fig. 1. (a) FE simulation of the length-extensional mode in the dog-bone resonator using COMSOL; (b) Optical micrograph of the 
fabricated SOI dog-bone resonator. 
3. Measurement and Discussion 
Fig. 1(b) shows the fabricated dog-bone resonator using a standard foundry SOI MEMS process.  The 
physical dimensions of the resonator are identical with that specified in Fig. 1. In addition, the gap 
between the electrode and the head of the dog-bone resonator is 2μm and the device thickness is 25μm.  
The device was measured under vacuum in a cryogenic probe station using the biasing configuration 
shown in Fig. 2(a), thus avoiding the effect of moisture on frequency drift.  The drain current was fixed at 
0.82mA throughout the measurements where both the ambient temperature and the resonant frequency of 
the device were simultaneously tracked over 15 hours.  Fig. 2(b) shows the measured electrical 
transmission of the device, from which we obtain a Q of 1.63×105 and a resonant frequency of about 
7.587MHz which is close to the FE simulation (7.650MHz).  It should be noted that no peak was 
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detectable using purely capacitive sensing (i.e. no drain currents); a drain current of just 0.82mA is 
sufficient to yield a 7dB peak.   
From the tracked measurements in Fig. 3, we see that the device resonant frequency varies inversely 
with the ambient temperature.  This measurement was repeated several times, with each one consistently 
showing the same correlation as the rest.  If the tracked frequency drift in Fig. 3 is mainly due to ambient 
temperature cycles, then the change in frequency from the start of the measurement to the turning point 
(3.95ppm) should correspond to the change in temperature from the start to the turning point (0.25K).  
This translates to a linear frequency-temperature characteristic of -16ppm/K.  To validate this assumption, 
the TCF of the device was separately measured by imposing a prescribed temperature (297.4K to 302.4K 
at interval of 1K) to the sample through a temperature controllable heat chuck.  The obtained result shown 
in Fig. 4 indicates a linear frequency-temperature characteristic of -13ppm/K, which matches the inferred 
value from Fig. 3.  This close agreement indicates that the impact of joule heating is insignificant at 
moderate current levels (0.82mA, corresponding to 97.5μW power). 
      
(a)              (b) 
Fig. 2. (a) Circuit schematic of biasing configuration used for electrical characterization of the device; (b) Measured electrical 
transmission (magnitude) of the dog-bone resonator at ambient temperature of 295.65 K and drain current of 0.82 mA. 
 
 
Fig. 3. Tracked temperature and resonant frequency measured over time (the drain current was fixed at 0.82 mA throughout the 
measurement). 
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Fig. 4. Measurement of the temperature coefficient of frequency (TCF) of the device: ~ -13 ppm/K. 
4. Conclusion 
This paper demonstrates that the observed frequency drifts tracked over time in a dog-bone resonator 
are mainly due to ambient temperature cycles.  The impact of carrier injection that comes with the use of 
a piezoresistive readout format is unobservable in comparison to ambient temperature shifts at moderate 
current levels (0.82mA, corresponding to 97.5μW of power).  Although a drain current of 0.82mA (used 
in this work) is sufficient to yield a significant peak in the electrical transmission, higher current levels 
are desirable for enhancing transduction and quality [3].  Future work will look into more extreme limits 
of higher current levels (> 10mA).   
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